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5 %«±4 u & c i: % < , mm?® 6 o % 

W±©«fttiy' ffl*yffl*fcH}SS-£Sfcl&fc#aTa& 
WE Cli: B + Z rl£A(C 0.2 0%, B + Z r 
0%), F(C0.04%', B + Z r 0.00 2%),C(C 
0%,B+Z r 0 .0 1 %), G(C0%, B + Z r 0.0 20 
2%), H(C0. 1 0%, B + Z r 0.2 0%) ©fEBfC 

[004 5] ^i^swfjn, fj-^sia. »<s 

fc*CH\ Cr 6.0-9.0%, A 1 5-6%, 

W7~10%, Ti 0.5-1%, MoO.3-0.7 
%, T a 3.0-7.0%, Rel~3.4%, Co 8-1 
0.5%, CO. 0 3-0.1%, B0. 0 0 2-0. 0 2 
%, H f 0 . 5- 1 . 1 %, Z r 0 . 0 2 % WT\ RtflS 

n i 4:^BTii^tta-p«5fijS!b«»a?a&*, 30 

[0 0 4 6] *f8W©»Sifci, ^-tr>*=SX 

[0 0 4 7] *J^®*'X*-t£>fl!Sl»±, 

HT'2-6 0B#fS?gft{b£tU It 1 0 0 0- 1 1 5 0 
%T'4~2 0BtHRt>*8 0 0~9 2 0°C1?8~l 0 0Bf 

ismsmitm-Qifiimv&z. 40 
,[oo48] sfc, *5SH©**z^-e>ffl»sti, m 

H-SISt. fuEi»K£©JjQ$^rtT'fft£©fifi 

icisamzTrnt, mm.mmmm-rim.^y 
xmt, mmzsmmzmmmtpfrwm^ 

TsuEIgg|5*Wa B B B t Lfcft. KWET? v h 7 *-2> 

t, mmmmm<D-®mM&frz>mmiT- 50 



W7- 1 4 5 7 0 3 
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[RlJgH Lfcatt B B B T&3H*©»%li: 1 5X8t«t 91! 

[0 0 4 9] ±e©»I!§l*tllUIfi«\ 4U3AH&C 
fel,vnil 5cm/hJMTfr5i:i:AWf t<> &KA 
Sii{C*3t>Tfi2 0~4 5cm/hi:-r5i:tA^L 

fSDiD^f., K a a B ligKO^Ttt 1 0cm/ 
hg&tfff*U\, a«ftCOl/'»Ttt, 5 0cm/h£i§ 

tl z t tttt B B B p^©is B B B ^fiioM^ 2 0 a^sx s e> m 

3SttM©i£ B B B MLl§tf 1 5gttTOA»fta«** 

£<, jfSKtt, 3 0-4 5o/hT?&3„ 
[00 50] 

crow *m\\z&%ti7>*-zymmm, mm 

&©T?&So *LT, lgPW^-^(R]«Htt« B B B t 
U I^ST 3att B B B £? L©jfg B B B MtM£T'# 5 W'h 
2<U WfC^OS* 1 5fiWrt^ *9$ftL<«8Jt 
Wrt -T 5 c t K J: 0 ^ B B B fil?Sf b7c*©^inl^'>=S: 

5 c t # -et , t mmrnmn t s c t *<t* 

&s Hiii^»i:«j«*n*«iiffltOlljS^±ffL, 

fki«aaia[t«±»f*{:i:«'ttj**fc*, utm y ' m 
fc*6, u-7®a^wr5a« B E B .!st-r§ c t*^ 

^ItOl 0~2 0%@Jgtf,IS(fCtTUTLt?o 

[0051] ttftvMm&mnt^ztctbM^ m 
«fc t) zvikmwmsmtm y ' fio^t ? >mwt 

[0 0 5 2] L^U '«oa« B B B f)Stffl^BnT^ 

5^«, ^nf©^ B B B ^{c^o/cffifm^K±-rs 

fc*6, B, C, Zr, Hf#©IS B B B feW^<k^^< 
IS B B B S^iifb7tJl«IS B B B SW<D 

im*fo±z$z>tmc -mtryYUhj-Lm 

MEfi«TgI5fi^ B B B ^^^B!tL, ^@Pf(c 

ffl^« B B B y' ta*4i;«. cvmti&mmm. 

l>*« B B B y' «a^4>T*gfel!!^A^<, i§*fMI 
T.<5. *Ofe», ^*<Dtt« B B B il)lltffl^e,nTt^ 

[0 0 5 3] ttfttt^bjaR*^**^^* 
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t\ ^tt£87y>&< LTl^fcJ^lay' ffl©BlS 
#^ H B B ^#a, WomfcO. 4 0~5 0°Cig^ 

[0 0 5 4] ffc, ifflE0ffi!rafb9R*#tf£&T?, 
5fi*T?ffgT?*«feik flllOfll*tt** 

[0 0 5 5] #**-eyffii!)g*«fiK-fSN i ass- 
6ic^*rsn**7ai5oftii**csi- 0 30 

[0 0 5 6] CttThUy^7**^tt#K:ltl|lfcH» • 

fflttfcffiTS-SaoTiKtol i: LTtt, 0.20 %W 
T\ #£0.0 5-0.2% ©SWaiET'&tK ±0 
0.0 3-0.1 %tf$?£U\, 
[0 0 5 7] CottvHJy***lCB8LTKfiafi 

<Di&rm<o matt lt«, 10.5% wrt u 40 

f$£8~l 0.5% A^aiE-CfeS. TI$i:LT4 
%W±, J: 0 8 . 5 % W±*WS U\, 
[0 0 5 8] C rtt»*tt*i&#r*«DT**tf, 1M 

mm % t m m% o mmmtmmkit* 1 } \m z. 
%, l<«5~i A%<DwmtmiEX'h'o. mc 

5.5-9 %©IEHtf»S U\, 
[0059] A 1 , T i«N i S^O*fffi3lfl:H?T 
ffltfctoSN i>(A 1. T i )*«rtHS-&TJS 
iBSafiOAlfc*^**. jftbOtfcLTtt, Al : 4. 50 
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0-7.0, Ti : 0.5-5.0% ©ISHtiiilET'S 
0. ft£A 1 5-6%, T i 0.5-1 .0%ft<ff$L 

[0 060] Nb, Ta, H f tt3fcftH?1»»* y ' ffi 

itLTIi, N b 3 %WT, T a 1 2 %liTF. H f 2 % 
WTtfiHET-fcU, mcNb : 0.2-3.0%, Ta2 
-7%, <fc 0 3-4%, Hf 0.5-1 .0%AW*L 
(,\ ftfc, HfttlSHI^OlfiWJtltelhoaS^J&Ov A 
BTOgtt*iS#«-&SA', 2%£j£gx5£)g@iJ§©±t 

[006 1] Zr, B««HI^O«»Jti*l»±L, 

is, smistu m<om&*Timmm*mz 

BtafktLTlt, Zr: 0-0.0 3 5%, B: 
0-0.0 3 5%^»iEl?*5. 1tfc, ClfcOHffiA* 
?>A(C0.20%, B + Zr0%), B(C0.05%, 
B + Z r 0 %) , C (C 0 %, B + Z r 0 . 0 1 %) , 
D(C0%, B + ZrO.0 3 5%), E(C0.1%, B 
+ Z r 0.0 2 5%) O^fflrt, XtiBStf Z r© 1 « 
Xti2Stf 0.0 0 5~0.02 5%W$U\ £0&? 
SlXtt, A, F, C, G, H&tfAT'HStlfciSBtf 

[006 2] W, MottvMJ«/*X©yfflfcB$LT 
SMfcU 1flcfil9IBBMEO*#K:»«*«*ti»\ bfrL 

L. *^oT^g[*fST$-&5 0 SAPli:LT«, W2 
-15%, Mo 6.0% fiTFffBlET&*K 
0-1 1 .0%, Mo 0.3~1,0%«$ Li/\ £D 
W8-1 0«lWfJ!U\ 

[0 0 6 3] RettBKiBJBfitt*lRl±*-&3* 5 , £3 

14, ?814©ffiT%JS<o mmtLXlt, Re4%W 
T, #IC 1 -4%, «fct> 2. 5-3. 5%A^f L^ 0 
[0 0 6 4] 

[0 0 6 5] H2C*^T, J$*a^;U^U-h 
1 10±C, -by hLfc7;U5t^±fi)t»tt3-b75 
7^»S!8%H£U ; ?-n^Sin^4©4'fc-b-y h 
L. -y 8 &n i Sa^oiS^W±Klin3» 
f 5. *CS»bfeN iSS^fe*-b7 5-yf»S8© 

-ti". Ocm/h©5l(±iL3iJtT-?gHTSi:i:tcj: 
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im&ittZo M®m®L%&M>{tUc&, 7°yy 
h7t-hl 5T*ltIJ<D3ltBUIg4 Ocm/htiK? 

fc. comic ^xmmt^Bm^ mwMum 

too&ntos&ttictifi-etito tit, ii» 
ss-pKiatcifi^fco tits ±EMmtwm<Dxmt.. 



. l C*lgftftg<olBi*ftR *io 
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6 0-1 2 8 0 ICTUS* 2 - 6 0 h jgftfbftaSfro 

**, 0 0 0-1 1 50'CT4~20hi:80 

0-950 "CT- 8-10 Oh ©iaiM15:lTl\ v h 
-y^XOy «*£¥£(). 3~ 2 ft m «fcO»$L<« 
0.1~0.5fimOy' fcfctfflStffc. 
[0 0 6 6] 



[006 7] 
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8.0-9.0 
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2.8-3.1 


M o 


0.3-0.7 


T a 


3. 0-4. 0 


A 1 


5.5-6.0 


T i 


0.5-0.9 


H f 


0.7 — 1.0 
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0. 0 0 5 — 0. 0 1 


Z r 


0.005-0. 0 1 


N i 


a SB 







[0068] mm~<\\&Lmmmmv>^<D-7yv v 

#©fflfi£«!lJ£ b«H£K fcofcBfoSTS ItH U§g£l 

[0 0 6 9] W±O*0*T#fc»m*ll» 1 {i#^B B B 

o/co 39*7 -f VI 4T'tia«Bli:ati/«^iIgl 0 
MggCfS^it&^T^fCo ->t^l 8cDgffiT'« 

* ftftttn a* e ^SBtc ^tt«n*fl&K* nfco ai 

T*OS«HB<D*i(± 5-10 mmT\ W^lti 5-6 mnT* 
% ~> fc 0 Mmt * o TJHIBffiK fel^T^ 
SS B B B T'&4 il k#«»r* C t.tfiT*%1t 0 ffiot, USA 

[0 0 7 0] l33fiI]ii©*?<0¥®l2T\ ffijUiOfi 
■H«** L t OT* 4. fcW 4 ftgtt F*3 

4 til 6«W2 l©»#J:9«l&SfU Hft«W>l 7 
J: 5 gf tfc£ ft4 t -S5S© hb-'J y 9s. «j ? 2 3 <fc K> 
ffli*tizmtic%vxmix%, *?©2 0, 2 214 



30 x-y^2 3»»O»«t<0SPmPtt^>J 7 r-tfK&^TV 

[0071] 3^tt03c:j3(t4K^ i ogSttft i o o 

mmT\ h7*-2»W»flDft;£A<l 2 0mm<D^;t$ 

£WT4 0 

[0 0 7 2] B4fc#5ftfcllli®*y-777> + - 
• JfcRW4rfjBE©Clll86LC ££©ft« B B B £ffl^fc„ 4MSA 

^ 16* 1 4 . 0 kg f /m , 1 0 TJHW 'J -7T*0» 
fflSSA^ 2 0 °C|p]± bfco mBS^ffifilcti^ 2 {C^-T 
^ffljKtfcl/^T, B0. 016%, Zr0.016%, 
CO. 1 5% fcSfSfcOT&So 

[00 7 3] [H ttffll 2 ] 4^0tt»c8{tflM9 
fcfifitfcCttC, B, Zr, H f ©$i!ial%#J0 U £ 
B B B ffi^Il^±#$-(i-fcfcJ6T'$4o WTK«ffiffl« 
*«Ui&*±ff« * 4 46<D73 ft t >T i£^4o' 

[0 0 7 4] (S6*OttH3i{b7cSlS*dtf^tt, C 
50 B, Zr, Hff^<tA,ffe*), MIMl^T* 
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Cr : 5.0-1 4.0% C o : 0 ~ 1 2 . 0 % 
W : 5.0-1 2.0% Re: 0-3.5% 
Mo: 0.5-3.0% Ta: 3.0-7.0% 

Al: 4.0-6.0% Ti: 0.5-3.0%. 

H f : 0-2 .0% 

*St?N I £©£&£O^T, ££cDCl£ (Z r + 

b) mnmszmtzit. ^mm^tmy' m 
m®%&<Dmmm<rc 0 c : o . 1 %w 

T, B + Z r : 0 . 0 2 5 % WTKfnSf, ftllffitt<D 

"PtSCfcjbiCpJoft. LfrU C:0.1%UIT, B + 
Z r : 0 . 0 2 5 % WTOffUjSiEHfc LfcN i 

4 tfc. n 5 ttflE*o-35riRi«Hi?Hit Lfca«saa 

@&T\ C : 0 . 1 M%WT, B + Zr:0.025l 

[0 0 7 5] Stt B B B ©l£ B B B £ftM^ ££<DC 

li: (Zr + B) 1, aiffi^WnoBff«il'<fe4:J: 

C : 0 . 0 3 %JU±, (Zr + B):0.005 %J-X±i:-f 

WSOjgS^ffiM* 5 8 a«±© fc t tt» C : 0 . 0 3 % 
U±, (Zr + B) : 0 . 0 0 5 %W±t LTtSWfm 
jWS£Lfc. ft*, Cltfo.0 3% fcTF^ttftttSO* 
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^?:Si:fcT06(c^1-o ffi, ^ B B B MtM£6]g«rt 
ffftfcfA (C0.2 0%, B+Zr0%) , B(C0. 

0 5%, B + Zr0%), C(C0%, B + Z r 0.0 1 
%) , D (C0%, B + Z r 0.0 3 5%) &t>*E(C 
0.1%, B + Zr0.025%) ^T'fetKfMjglfc 

[0 0 7 6] C : 0. 111%WT, B + Z r : 0.0 2 

10 l±, g B B B ^fi©M^8aWrt{i:l-?)i:i:^gT-S5 
tf> tS*<D-^[6lS@)£{±^ftt*c B B B <0^[6]<D^ B B B ^fii 

fc&ZMlc LTtttf B B B £fi)ig2tf 5 £ fcfc J: 9, fttfH 

%BD<D «fc 5 K»*#*SJI. 8 fifit 

rtOftttftfc-fSCfc-^ C : 0. 1S1%WT, B + 
Z r : 0 . 0 2 5S»%WTT?t>eifijno*Vil^& 
tttta»W#&nfc. B t Z r tt-arxiiMSO^tft 
20 TtHta«*^Lfci 

[0 0 7 7] ^3£Hfi2 2cm 1 0 0 mm, frMfl 

1 2 0mm) ©S]g^S3gL7ii:tO«St c t§tt« B B B 

t^-Tc ^e« H B B iissi>'#^ii»)S(^3g{c a mis© 

[0 0 7 8] 
[H3] 
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30 


70 


920 



[oo7 9] *^tj:§e« B B B »MttewfjnAm 

Lfc^ifcik 9iM<D%%r) 1 5%frP>7 0%t£]5(B7 
V7t5t#lC, Jfofrl 4. 0kg f /mm', 1 07JB#|g* 

v-?-e<DM%umm 2 o °c±# t fco 

[00 80] Bffliffli[^«-*ttK-r 4 iWai D t* 

fco *Ol83l*Si: HB0ffl£tf*'> 
(±lJ6THfflW^a« B B B I)S&t>*S3g)4T'feSo ftfc. 

nest Lx^^mwm^c tmwT-hZo 
[oo8i] [j«ttH 3 ] xmmmmitmm 

fcfTitfcOttC. B, Zr, H f O^Jffll^llJfflU « 
B B B ffi^%^*±^?^/cfci6T**5o HTK#ASJt 



C o 
R e 
T a 
T i 



4-10.5% 
0-4.0% 
2.0-12.0% 
0.5-5.0% 



H f #0. 5-1 . 1 %£D 



[0 0 8 2] fiE*©fiH&{t7n3R£#tt£&l±, C, 
B, Zr, Hfm<^ffeD, iSfWUMfiS*^ 

C r : 2.0-1 6.0% 
W : 2.0-1 5.0% 
40 Mo : 0-6.0% 
A 1 : 4.0-7.0% 

■SHTf^AO Cttfc (Zr+B) lOfflSfcgftS-e, ft 

Z<D%£^ B + Z r : 0 . 0 2 0 % MTKTtltf » A£ 

KHiST'SSCfc^Worco LfrU Hf : 0.5-1. 
1%, C:0.2%WT. B + Z r : 0.020%WT€> 
M« tfcN i Sfl^O-«|qiKae«AK«t{F 
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Lfco t%t>*>. Hf : 0.5-1.1 fi*%, C : 0 . 
2 lt%«T, B + Z r : 0 . 0 2 0 fiffi%OT<D£ 

[0 0 8 3] *CT\ m&<D&£kl5tiL£ts H f 

0.5% -&&(Dcmt (zr+B) i, Rmmmnv 

©tttc, 11T\ C:0.0 3%W±, (Zr + B): 

o.oo 2%vL±tt%k. mnmn<D%^m±%&Vi 
mmz>nzb\ mm^m&.mtu 5 main 

fcttt, C : 0.03%W±, (Zr + B) : 0.00 2 
%W±fcLTfeSft#jntffS£Lfc 0 fcfc* Zr + Bl 
0 . 0 0 2 % *»-Cl4ttttli©ISfi£ffiBff 1 5SW 

[0 0 8 4] CltfO. 1 % J&fPtt, 1 0 4 0*C, 1 
4kgf/mnf O^U-^TRBfl^lBAMOOhJcStfcftV^ 

Wkjaa^tTx.*vfc©tt 400 htssrc^A^fco $ 

fc, H f 0 . 5 ~ 1 . 1 %T'tt«H<0$SifB7j{uM^ 1 5 
g«rt0J§S0ClfcZ r + Bafc©IMMM(0.2%, 
0%), F(0.04%, 0.00 2%), C(0%, 0.0 
1%), G(0%, 0.0 2%), H(0.1%, 0.0 2 

H f : 0.5-1 . 1 %, C : 0.2ll%«T, B + Z 
r : 0 . 0 2 OlWttTO^TttlHWvHBtS* 
ft^fcftEtt, l£ B B B Mi<DM£ 1 5fi£*rtK:-rsci:*« 

ois*sfi[tt7y^A-p**) 1 5*artfciwirr*ci: 

a« B B B o^(aoii^i 58mtt&zt#T*z 
#{fc8# i sgwrtoattafctscfc-e, h f : o . 

5-1.1 11%, C : 0.2 B + Z 

r : 0 . 0 2 0 M%«TTfcSW|lJn<D*V''fl±*S 

[0 0 8 5] S4 fc§Sjfi*ftRtf£&ffl£ (S«%) % 

*-r 0 aawiN i 

[00 8 6] 
[£4] 
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40 [0087] *m®mmnmtiff%$L L*^fc«>, 

«6*©tttta«l« t It^T^S/ 0 A s 1 5 % 5 7 o % t 
tt5ft7y^T«i:^(C, 1 0 4 0°C-1 4kg f /mi 2 

o*fto^y-y»»r«fia^»aT 1 9 3 h*>e> 4 5 6 

[0 0 8 8] *^i)lfc#^ B B B l^JtiKT5i:, 
50 LfrU *38W»SttSS»W^«tt«Si:-r*Ci:T, 



(12) 

21 

mmmz® < L^mma^m^ < t s c t # t* i 

tfc. *©I8$. §SSt©SJSRtf*?©^tf'>ft< 
ft 9, M^fiJ&W>LT, «fi*MIS9S l lRl±l/ft 

Ltfr^ *^fBtta«)TiifflWftSGaifi»aT?*5, 

S 6 C , *?^Ijg©«ttB B B gPC> 7 0 0 ICftifiTOg I s 
Sgtt#IS B B B Si:J±^T^i|iJS^orc„ ctu±, ft« 

i"j-yasT*H:ft< 7 o oxmomm-ewm&m 

[00 8 9] QfefiKH 4 ] 1 T*a^/c»ffiT*« 5 

c^-naa ««%) on i as^^ii*, saw 

S 5 



1 4 5 7 0 3 
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B B B cft§ j; 5 e Lfcc mmmmcmmtumztx 

ft^oft. *fc£&E. 1 2 7 0- 1 2 8 5°CT-RSct : ' 

2~6 0h©gf*{tiaa, rim ooo~i 1 5o°ct* 

4~20ht80 0-950 °CT- 8-1 OOhOBfjjMSft 
jara%ffofe. f 1000- 1 1 5 0°C-e4~2 0 h 

1 8 00-9 5 cots- 1 00 ho^a^saao^^r 

SSLfcKBi^ fS^l 4.0kgf/u , 1 OEUfH^'J 
-yT'OjfffliSg^tlxtfctcl^, BfflfiJStf&l 5 
°C±#LT^/c 0 ^llfiSflJEfc^T, &R£H&D|gJI 
M2M«ftJ5JtT'&ofCo 
[009 0] 

[a 5] 
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[0091] mmm 5 ] -mm 1 T-a^/c^ST-s 6 

±Ett^ B B B i:Lrc*"X^-tryfflilll^jiLfc 0 *H 30 
»JEteit 2 K*^T^ieWT*5 7-r >E 
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(57)Abstract: 

PURPOSE: To achieve excellent creep strength 
and eliminate an intercrystalline crack by 
constituting a moving blade of an integral casting 
where a part of a blade unit, a platform and a 
shank unit is made of monocrystal and a part 
except for the part made of monocrystal is made 
of columnar crystal coagulated in one direction. 
CONSTITUTION: A gas turbine moving blade 
comprises a blade unit 1, a platform 15 having a 
flat portion continuous to the blade unit 1, a 
shank unit 18 continuous to the blade 1 and the 
platform 15, and fins 14 formed on both sides of 
the shank unit 18, a dovetail continuous to the 
shank unit 18. The blade unit 1 is made of 
monocrystal, and the whole except for the blade 
unit 1 is an integral casting of columnar crystal 
coagulated in one direction. The casting is 
composed of 0-0.20wt.% of C, 2-16wt.% of Cr, 
4-7wt.% of Al, 2-15wt.% of W, 0.5-5wt.% of Ti, 
0-3wt.% of Nb, 0-6wt.% of Mo, (M2wt.% of Ta, 0-10.5wt.% of Co, 0-2wt% of Hf, 0- 
4wt.% of Re, 0-0.03 5wt.% of B, 0-0.035wt.% of Zr and the rest of 58wt.% or more of Ni. 



LEGAL STATUS 

[Date of request for examination] 03.12.1997 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other 
than the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 3 1 64972 

[Date of registration] 02.03.2001 

[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against 
examiner's decision of rejection] 

[Date of extinction of right] 




Disclaimer: 

This English translation is produced by machine translation and may contain errors. The JPCX the NCI PT, and those 
who drafted this document in the original language are not responsible for the result of the translation. 

Notes: 

1 . Untranslatable words are replaced with asterisks (****). 

2. Texts in the figures are not translated and shown as it is. 

Translated: 04:14:21 JST 12/12/2006 
Dictionary: Last updated 1 1/10/2006 / Priority: 



FULL CONTENTS 



[Claim(s)] 

[Claim 1] a wings part and this **** - ** and others the platform which has a flat part, 
and this platform — ** and others — [ part / shank ] the fin which consists of a projection 
prepared in the both sides of this shank part, and said shank part — ** and others — in the 
bucket for gas turbines which has a dove tail The bucket for gas turbines characterized by 
consisting of a casting of one which said ****, said platform, and one copy of said shank 
circles are single crystals, and is pillar-shaped ** in which the portion except the portion 
which consists of this single crystal carried out one-way solidification. 
[Claim 2] a wings part and this **** — ** and others — the platform which has a flat part, 
and this platform — ** and others — [ part / shank ] the fin which consists of a projection 
prepared in the both sides of this shank part, and said shank part - ** and others — in the 
bucket for gas turbines which has a dove tail The bucket for gas turbines characterized by 
consisting of a casting of one which one pair of said ****, said platform, and said shank 
parts is a single crystal, and is pillar-shaped ** in which all other than the portion which 
consists of said single crystal carried out one-way solidification. 

[Claim 3] applying at the tip of**** from said dove-tail part in Claim 1 or 2 — an inside - 
- one — ** and others — the bucket for gas turbines in which the refrigerant passage is 
established. 

[Claim 4] a wings part and this **** - ** and others - [ it has a root part and ] in the 
bucket for gas turbines which consists of a casting of one The bucket for gas turbines 
which one pair of said ****, said platform, and said shank parts is a single crystal, and it 
is pillar-shaped ** which carried out one-way solidification except the portion which 
consists of said single crystal, and is characterized by having solidified toward said root 
part from said **** tip. 

[Claim 5] a wings part and this ****__** and others — the bucket for gas turbines 
characterized by the difference of the crystal direction of said **** and a root part being 
2 to 8 times in the bucket for gas turbines which has a root part and consists of a casting 
of one. 

[Claim 6] a wings part and this **** - ** and others - the platform which has a flat part, 
and this platform — ** and others — [ part / shank ] the fin which consists of a projection 
prepared in the both sides of this shank part, and said SHIYANKU part - ** and others - 
the bucket for gas turbines which this bucket consists of a casting of one and is 
characterized by the difference of the crystal direction of each part being 2 to 8 times in 
the bucket for gas turbines which has a dove tail. 



[Claim 7] In either of Claim 1 -6, said casting is weight. W 2 to 15% and 0.5 to 5% of Ti 
of CO-0.20%, 2 to 16% of Cr, and aluminum [ 4 to 7% of], 0 to 3% of Nb, 0 to 6% of 
Mo, 0 to 12% of Ta, 0 to 10.5% of Co, 0 to 2% of Hf, and 0 to 4% of ReB 0 to 0.035% 
and 0 to 0.035% of Zr, And the bucket for gas turbines which the. remainder becomes 
from 58% or more of nickel. 

[Claim 8] By weight, W 2 to 15% and 0.5 to 5% of Ti of CO-0.20%, 2 to 16% of Cr, and 
aluminum [ 4 to 7% of], 0 to 3% of Nb, 0 to 6% of Mo, 0 to 12% of Ta, 0 to 10.5% of 
Co, 0 to 2% of Hf, Re 0-4, B0-0.035%, 0 to 0.035% of Zr, The remainder consists of 
58% or more of nickel, and both said amount of C, B, and both [ one side or ] of Zr(s) 
And A (CO.20% and B+Zr0%), The bucket for gas turbines which is within the limits of 
B (C0.05% and B+Zr0%), C (C0% and B+Zr0.01%), D (C0% and B+Zr0.035%), and E 
(C0.1% and B+ZrO.025%), and is characterized by the difference of a crystal direction 
being 2 to 6 times. 

[Claim 9] A wings part has pillar-shaped ** and a single crystal and a dove tail [ weight ] 
W 8 to 11%, 1.0 to 3.5% of Re, 0.3 to 1.0% of Mo, 3 to 4% of Ta and 5 to 6% of 
aluminum of C0.03-0.1%, 5.5 to 9.0% of Cr, and Co [ 8.5 to 10.5% of], 0.5 to 1.5%.of 
Ti, 0.5 to 1 .0% of Hf, B And the bucket for gas turbines to which 0.005 to 0.025% and 
the remainder are [ one sort or both of Zr ] nickel and inescapable impurities, and the 
difference of a crystal direction is characterized by being 1 5 or less degrees in 8 or less 
times and pillar- shaped ****** in a single crystal portion. 

[Claim 10] a wings part and this **** — ** and others - the platform which has a flat 
part, and this platform — ** and others — [ part / shank ] the fin which consists of a 
projection prepared in the both sides of this shank part, and said shank part — ** and 
others — in the bucket for gas turbines which has a dove tail said **** being a single 
crystal, being the casting of one which consists of pillar-shaped ** in which said dove tail 
carried out one-way solidification, and applying at the tip of**** from said dove-tail part 
— an inside — one — ** and others ~ [ a refrigerant passage is prepared, and / a casting / 
said casting is weight and ] W 2 to 15% and 0.5 to 5% of Ti of CO-0.20%, 2 to 16% of 
Cr, and aluminum [ 4 to 7% of], 0 to 3% of Nb, 0 to 6% of Mo, 0 to 12% of Ta, 0 to 
10.5% of Co, 0 to 2% of Hf, Re 0-4, B0-0.035%, and 0 to 0.035% of Zr, The remainder 
consists of 58% or more of nickel, and both said amount of C, B, and both [ one side or ] 
of Zr(s) And A (CO.20% and B+Zr0%), Are within the limits of B (C0.05% and 
B+Zr0%), C (C0% and B+Zr0.01%), D (C0% and B+ZrO.035%), and E (C0.1% and 
B+ZrO.025%), and it has the organization where gamma' ** deposited in the gamma- 
phase matrix. The bucket for gas turbines characterized by the difference of said gamma- 
phase crystal direction being 2 to 6 times. 

[Claim 1 1] In the gas turbine which makes it collide with the bucket in which the fuel gas 
compressed by the compressor was implanted by the disk through ****, and rotates this 
bucket having three or more steps of said bucket — the first rank of this bucket — a wings 
part and this **** — ** and others - [ platform / which has a flat part ] this platform — ** 
and others — a shank, the fin which consists of a projection prepared in the both sides of 
this shank, and said shank - ** and others ~ the gas turbine which it has a dove tail, and 
said **** is a single crystal, and is characterized by consisting of a casting of one which 
consists of pillar-shaped ** in which said dove tail carried out one-way solidification. 
[Claim 12] In the gas turbine which makes it collide with the bucket in which the 
combustion gas compressed by the compressor was implanted by the disk through ****, 



and rotates this bucket Said temperature of combustion gas is 1,500 degrees C. It is 
above, and has three or more steps of said bucket, and said temperature of combustion 
gas in the first rank entrance of this bucket is 1,300 degrees C. It is above and the first 
rank of said bucket is 200mm or more in full length. The gas turbine which consists of a 
casting of one which the wings part is a single crystal and is pillar-shaped ** in which 
said root part carried out one-way solidification, and is characterized by power generation 
capacity being 50,000kW or more. 

[Claim 13] In the gas turbine which makes it collide with the bucket in which the 
combustion gas compressed by the compressor was implanted by the disk through ****, 
and rotates this bucket Said temperature of combustion gas is 1,500 degrees C. It is 
above, and has three or more steps of said bucket, and said temperature of combustion 
gas in the first rank entrance of this bucket is 1,300 degrees C. It is above and the first 
rank of said bucket is 200mm or more in full length, the first rank of said bucket - a 
wings part and this ****-** and others - [ platform / which has a flat part ] this 
platform — ** and others - a shank part, the fin which consists of a projection prepared 
in the both sides of this shank part, and said shank part - ** and others — in the bucket 
for gas turbines which has a dove tail Said **** is a single crystal, it consists of a casting 
of one which consists of pillar-shaped ** in which said dove tail carried out one-way 
solidification, and said casting is weight. CO.03-0.1%, 5.5 to 9.0% of Cr, and Co8.5 - [ 
both W 8 to 1 1%, 1 .0 to 3.5% of Re, 0.3 to 1 .0% of Mo, 3 to 4% of Ta and 5 to 6% of 
aluminum of 10.5%, 0.5 to 1.0% of Ti, 0.5 to 1.0% of Hf, and B and Zr ] 0.005 to 0.025% 
[ both / one sort or ] And the remainder consists of nickel and inescapable impurities and 
it has the organization where gamma 1 ** deposited in the gamma-phase matrix. The gas 
turbine characterized by for gamma-phase [ of said single crystal ] and the difference of 
the gamma-phase crystal direction of pillar-shaped ** being 8 or less times, and power 
generation capacity being 50,000k W or more. 

[Claim 14] The gas turbine driven with the combustion gas which flows at high speed, 
and the exhaust heat recovery boiler which obtains steam with the flue gas of this gas 
turbine, In the combined cycle power generation plant system equipped with the steam 
turbine driven with said steam, and the dynamo driven with said gas turbine and a steam 
turbine Said gas turbine has three or more steps of buckets, and said bucket first rank 
inlet temperature of said combustion gas is 1,300 degrees C. It is above. The flue gas 
temperature of a turbine exit is 560 degrees C or more, and steam of 530 degrees C or 
more is obtained with said exhaust heat recovery boiler. Said steam turbine is a height 
pressure integral type, and said steamy temperature to the first rank of this steam turbine 
bucket is 530 degrees C or more. The power generation capacity of said gas turbine is [ 
50,000kW or more and the power generation capacity of a steam turbine ] 30,000kW or 
more, comprehensive thermal efficiency is 45% or more, the first rank of said bucket is 
200mm or more in full length, and the first rank of said bucket A wings part, this wings 
part - ** and others - the platform which has a flat part, and this platform — ** and 
others ~ a shank part, the fin which consists of a projection prepared in the both sides of 
this shank part, and said shank part - ** and others - [ it has a dove tail, and /****/ said 
**** is a single crystal and ] Said dove tail consists of a casting of one which is pillar- 
shaped ** which carried out one-way solidification, and said casting is weight. CO.03- 
0.1%, 5.5 to 9.0% of Cr, and Co8.5 - [ both W 8 to 1 1%, 1.0 to 3.5% of Re, 0.3 to 1.0% 
of Mo, 3 to 4% of Ta and 5 to 6% of aluminum of 10.5%, 0.5 to 1.0% of Ti, 0.5 to 1.0% 



of Hf, and B and Zr ] 0.005 to 0.025% [ both / one sort or ] And the combined cycle 
power generation plant system which the remainder consists of nickel and inescapable 
impurities, has the organization where gamma' ** deposited in the gamma-phase matrix, 
and is characterized by gamma-phase [ of said single crystal ] and the difference of a 
gamma-phase crystal direction of pillar-shaped ** being 8 or less times. 
[Claim 15] a wings part and this **** — ** and others — [ it has a root part and ] in the 
manufacturing process of the bucket for gas turbines which consists of a casting of one 
The process which sets the mold which forms this bucket on a water-cooled CHIRUPU 
rate, and the process which sets said mold in a heating furnace and heats a mold to 
predetermined temperature, The process which casts **** in the mold by which account 
heating of vacuum-melting back to front was carried out in casting materials, [ this **** ] 
[ the mold which it has ] [ the process which draws out at a speed earlier than the drawer 
speed of the mold of this ****, carries out one-way solidification of said root part, and is 
made into pillar-shaped ** after drawing out relatively from said heating furnace, 
applying to said root part side termination from said **** tip, making it solidify one by 
one and using said **** as a single crystal ] The manufacturing process of the bucket for 
gas turbines characterized by having. 
- [Claim 16] Goods which consist of a one-way solidification casting of one of a single 
crystal and pillar- shaped **, and are characterized by the difference of the crystal 
direction in the right-angled direction being 8 or less times to said solidification direction 
of said single crystal and pillar-shaped **. 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the bucket which started the new bucket 
for gas turbines, especially was excellent in creep strength, its manufacturing process, 
and the gas turbine using it. 
[0002] 

[Description of the Prior Art] Although the bucket material of the gas turbine for power 
generation has mainly been used [ the super alloy of nickel machine ] from the former, in 
order that improvement in thermal efficiency of a gas turbine may be aimed at, 
temperature of combustion gas has risen every year. And in order to raise the heat- 
resistant intensity of a bucket in connection with it, while usually changing from 
homaxial **** by casting to pillar- shaped **** by one-way solidification systematically, 
the complicated cooling hole was prepared in the inside of wings, and cooling from an 
inside has been aimed at. 

[0003] The great portion of pillar-shaped ****** is manufactured by the one-way 
solidifying method shown in the JP,51-4186,B number etc. This method is a method 
which pulls out a mold below out of the heated furnace, and the upper part is made to 
solidify gradually from a lower end. By this method, it was extended for a long time to 
the longitudinal direction on which centrifugal stress acts, and pillar-shaped ****** 
which has the crystal direction of <100> directions was manufactured, and the creep 
strength characteristic and a thermal fatigue strength property have been improved. 
[0004] Moreover, the manufacturing process of the shuttlecock for combustion turbines 
which used the wings part as the single crystal as a bucket which excelled pillar-shaped 



****** in the high temperature characteristic at JP,S60-261659,A and JP,61-71 168,A, 

and used the root part as micro crystallite is indicated. 

[0005] 

[Problem to be solved by the invention] Furthermore, in order to attain efficient-ization, it 
is the most effective method to raise temperature of combustion gas, and it has been 
necessary to raise the high temperature intensity of material, while strengthening internal 
intercooling further for that purpose. 

[0006] the internal intercooling hole of the bucket for gas turbines — ceramics — although 
formed using a core, in order to strengthen cooling further, while increasing the number 
of the paths for cooling, the thinning of the wings themselves has been attained, although 
pillar- shaped ****** is manufactured by the one-way solidifying method, melting metal 
is******** about a core — it solidifies in the state and is cooled to room temperature 
after that. And heat contraction is produced at the time of cooling, when the thermal 
expansion coefficient of a core and casting metal is compared, in order that a core may 
show a value smaller about single figure than metal, metal is ******** inside about the 
hardly contracted core — as - contracting __********_- cooling — big in process — it 
will pull and stress will occur. For this reason, a casting article becomes easy to generate 
a vertical crack along the crystal grain community where intensity is weak. And 
especially a vertical crack is remarkable in the wings part which is a thin-walled part. For 
the reason, the conventional pillar- shaped ****** was not fully able to be cooled by the 
ability not performing the thinning of a wings part. Moreover, the **** crack occurred at 
the time of casting, and the yield was also bad. 

[0007] The length of a wing of about 10cm and weight of the bucket used for the jet 
engine for airplanes is hundreds of g at the maximum, and single-crystal-izing is easy. [ 
however, the bucket used for the gas turbine for power generation ] Single crystal-ization 
has become [ the different crystal, the FUREKKURU defect, etc. ] that the form of wings 
is not only complicated, but the length of a wing is easy to generate in the way in JP,S51- 
4186,B since 15 -40cm and weight also become very large with several to about 10kg 
very difficult. 

[0008] The manufacturing process which uses a single crystal for a wings part, uses 
magnetic churning for the remaining portion, and is used as a minute crystal grain is 
stated to JP,S60-261659,A and JP,61-71168,A. However, when the conventional single 
crystal alloy was cast in this method, there was a problem to which the intensity of a 
minute crystal grain portion becomes weak. Moreover, in order to maintain the intensity 
of a minute crystal grain portion, when it cast using the alloy having contained a lot of 
**** strengthening elements, since the melting point of eutectic structure and eutectic 
crystal gamma' ** formed at the time of solidification fell, ****** was not made enough 
and was not able to aim at improvement in intensity of material as a result. 
[0009] As stated above, in the bucket by the conventional technology, if thinning is 
carried out in order to aim at improvement in cooling efficiency, in order to become easy 
to generate a **** crack and to prevent a **** crack, when a **** strengthening element 
is added, there is a fault that the improvement in intensity cannot be aimed at, and 
improvement in efficiency of a gas turbine was not able to be aimed at. 
[0010] Moreover, since the single crystal bucket excellent in high temperature intensity 
tends to have generated a different crystal, since the thing with it was not able to be 
manufactured, it could not be applied as a bucket of the gas turbine for power generation, 



and was not able to aim at improvement in efficiency of a gas turbine. [ a very bad and 
yield and ] [ big ] 

[001 1] The purpose of this invention does not have the **** crack at the time of casting, 
and there is in offering pillar- shaped ****** for gas turbines which was moreover 
excellent in creep strength, and the gas turbine using the manufacturing process and it. 
[0012] 

[Means for solving problem] The platform which is an overhang part for this invention 
standing in a row in the wings part exposed to high temperature high pressure gas, and 
this ****, and intercepting high temperature high pressure gas, The shank part which has 
the distance for standing in a row in this platform, and acquiring temperature gradient 
sufficient between this **** and a disk, The seal fin which is the projection for 
intercepting the high temperature high pressure gas formed in this shank part, It has the 
dove tail which is an embedding part to the disk which stands in a row in this shank part. 
The external surface is a single crystal at least, and said **** is a bucket for gas turbines 
which it has the single crystal formed succeeding one copy of a wings part to a shank part 
including the wings circles part, and the remainder becomes from the casting of one 
which consists of pillar-shaped ** which was continuously formed from this single 
crystal, and which carried out one-way solidification. 

[0013] That is, as for the bucket for gas turbines concerning this invention, although a 
wings part is a single crystal and the remainder consists of one-way solidification pillar- 
shaped **, the single crystal from a wings part is succeedingly formed in the remaining 
platforms and shank circles. 

[0014] As for especially the bucket for gas turbines concerning this invention, it is 
desirable to make especially into less than 8 times the crystal direction difference of 
pillar- shaped ** which the direction of the longitudinal direction of pillar-shaped ** is 
less than 15 degrees from <100> directions considering a multi-crystal part as pillar- 
shaped ****** ? and adjoins 15 degrees. 

[0015] Moreover, if the crystal direction difference in the single crystal of a wings part is 
less than 8 times, **** in particular is not seen but is permissible. 
[0016] The direction difference between the crystal grains with which a wings outside 
side adjoins especially is less than 8 times, and it is desirable that the direction difference 
between the crystal grains with which a part of portion containing these wings circles 
parts other than this wings outside side adjoins makes the direction difference between 
the crystal grains with which the remainder adjoins less than 15 degrees less than 8 times. 
[0017] Furthermore, as for the difference of the greatest crystal direction of the crystal 
grain of the portions of a wings part and others, it is desirable that it is less than 8 to 1 5 
degrees. 

[0018] Moreover, in order to obtain the above-mentioned gas turbine bucket, it is 
effective to prepare a solidification promotion passage between the seal fins which are at 
least one place and projection of a single crystal. 

[0019] It applies to a wings part from a dove tail, and the refrigerant passage for cooling a 
bucket inside may be established in the gas turbine bucket of this invention. 
[0020] The gas turbine bucket of this invention may be coated with the alloy layer which 
makes the main ingredients Co or nickel which contains Cr, aluminum, and Y on the 
**** surface. 

[0021] Furthermore, the gas turbine bucket of this invention may have thermal insulation 



coating which becomes said **** and the outermost surface of the circumference of it 
from a ceramic layer. 

[0022] The bucket for gas turbines concerning this invention is 0.03% at weight. The 

above C, 0.005% or more of B, and 0.005% A kind of Zr of a more than or two sorts or 

more of elements are included. And deposit gamma 1 ** is cast in nickel basis super alloy 

which can dissolve in gamma-phase, without producing initial melting by local melting in 
**** 0 f an a n 0 y 

[0023] especially - one sort of C0.05-0.1%, and B and Zr, or two sorts 0.005 to 
0.025% - desirable - BO.002-0.02% and ZrO.02% It is suitable for carrying out the 
following to prevent a crack. 

[0024] The bucket for gas turbines concerning this invention is weight %, and is cast in 
nickel basis super alloy of the following suitable composition. 

[0025] A casting is weight % and W 2 to 15% and 0.5 to 5% of Ti of CO-0.20%, 2 to 16% 
of Cr, and aluminum [ 4 to 7% of, 0 to 3% of Nb, 0 to 6% of Mo, 0 to 12% of Ta, 0 to 
10.5% of Co, 0 to 2% of Hf, and 0 to 4% of ReB 0 to 0.035% and 0 to 0.035% of Zr, And 
the remainder consists of 58% or more of nickel. 

[0026] this invention - a wings part and this ****-** and others -- [ platform / which 
has a flat part ] this platform - ** and others - a shank part, the fin which consists of a 
projection prepared in the both sides of this shank part, and said shank part — ** and 
others - in the bucket for gas turbines which has a dove tail Said **** is a single crystal 
and the portion except said **** and said fin is characterized by consisting of a casting of 
one which is pillar-shaped ** which carried out one-way solidification. 
[0027] this invention — a wings part and this ****__** and others — [ platform / which 
has a flat part ] this platform — ** and others — a shank part, the fin which consists of a 
projection prepared in the both sides of this shank part, and said shank part - ** and 
others — in the gas turbine bucket which has a dove tail Said **** is a single crystal and 
all other than said **** are characterized by consisting of a casting of one which is pillar- 
shaped ** which carried out one-way solidification. 

[0028] the bucket in this invention - an inside — one - ** and others — it has a 
refrigerant passage. 

[0029] This invention is weight and W 2 to 15% and 0.5 to 5% of Ti of CO-0.20%, 2 to 
16% of Cr, and aluminum [ 4 to 7% of], 0 to 3% of Nb, 0 to 6% of Mo, 0 to 12% of Ta, 
0 to 10.5%) of Co, 0 to 2% of Hf, and 0 to 4% of ReB 0 to 0.035% and 0 to 0.035% of Zr, 
The remainder consists of 58% or more of nickel, and both said amount of C, B, and both 
[ one side or ] of Zr(s) And A (CO.20% and B+Zr0%), It is within the limits of B 
(C0.05% and B+Zr0%), C (C0% and B+Zr0.01%), D (C0% and B+Zr0.035%), and E 
(C0.1% and B+ZrO.025%), and is in the bucket for gas turbines characterized by the 
difference of a crystal direction being 2 to 8 times. 

[0030] This invention is weight. C0.03-0.1%, 5.5 to 7.0% of Cr, and Co8.5 - [ both W 8 
to 9%, 2.5 to 3.5% of Re, 0.3 to 1.0% of Mo, 3 to 4% of Ta and 5 to 6% of aluminum of 
9.5%, 0.5 to 1.0% of Ti, 0.5 to 1.0% of Hf, and B and Zr ] 0.005 to 0.025% [ both / one 
sort or ] And the remainders are nickel and inescapable impurities and it is in the bucket 
for gas turbines characterized by the difference of a crystal direction being 8 or less 
times. 

[0031] Although the bucket of this invention is used for three steps or four steps of which 
stages of a gas turbine, it is suitable for the first rank whose temperature is especially the 



highest. The thing of the many crystals which made the whole pillar- shaped ** or ****** 
is suitable especially after two step. 

[0032] The following composition is especially suitable (weight %). 
[0033] 

: C 0.03-0.1 Cr: 5.5-7.0Co : 9-10.5 :8.0-11.0Re : W 1.0-3.5 Mo: 0.3-1.0Ta : 3.0-4.0 
aluminum: 5.0 - 6.0Ti : 0.5-1.0 one sort or two sort [ of Hf:0.5-1.0B and Zr ]: - 0.005 to 
0.025 remainder: — [ nickel, inescapable impurities, and the bucket for gas turbines 
concerning this invention ] It is [ more than dissolution temperature of gamma' ** of an 
after-casting alloy ] suitable for a ** object to turn in the temperature range below initial 
melting temperature for 2 to 60 hours, and to give heat treatment at further 1000-1 150 
degrees C for 8 to 100 hours at 4 to 20 hours and 800-920 degrees C. 
[0034] [ moreover, the manufacturing process of the bucket for gas turbines concerning 
this invention ] ceramics — [ process / which sets the mold which has a core on a water- 
cooled CHIRUPU rate ] The process which casts **** in the mold heated after dissolving 
casting materials, and the process which draws out a mold relatively from a hot heating 
furnace, is made to carry out one-way solidification from the **** tip side gradually to 
the root part side, and uses a wings part as a single crystal, It is in the manufacturing 
process of the gas turbine bucket characterized by drawing out at a speed earlier than the 
drawer speed of the mold of this wings part, and carrying out one-way solidification of 
the root part. 

[0035] It is desirable to make mold movement speed in single crystal manufacture into 15 
or less cm/h. It is desirable to make movement speed in pillar-shaped ****** into 20 - 45 
cm/h. Since it is better as especially the former can carry out single crystal manufacture 
and there is, but the crystal direction between pillar-shaped ** will exceed 10 degrees and 
will serve as ****** from a point of the yield again, if about 10 cm/h is desirable and the 
latter exceeds h in 50cm / Since it is good in 45cm/h or less and the early speed is better 
for considering it as 8 or less times, 30 - 45 cm/h is desirable. 
[0036] This invention consists of a one-way solidification casting of one of a single 
crystal and pillar- shaped **, is in the goods characterized by the difference of the crystal 
direction in the right-angled direction being 8 or less times to said solidification direction 
of said single crystal and pillar-shaped **, and can be used in addition to the bucket for 
gas turbines. 

[0037] this invention — a wings part and this **** - ** and others — [ platform / which 
has a flat part ] this platform — ** and others — a shank part, the fin which consists of a 
projection prepared in the both sides of this shank part, and said shank part - ** and 
others — in the gas turbine bucket which has a dove tail said **** being a single crystal, 
and all other than said **** being the castings of one which are pillar- shaped ** which 
carried out one-way solidification, and applying at the tip of **** from said dove-tail part 
— an inside — one — ** and others — [ a refrigerant passage is prepared, and / a casting / 
said casting is weight and ] W 2 to 15% and 0.5 to 5% of Ti of CO-0.20%, 2 to 16% of 
Cr, and aluminum [ 4 to 7% of], 0 to 3% of Nb, 0 to 6% of Mo, 0 to 12% of Ta, 0 to 
10.5% of Co, 0 to 2% of Hf, Re 0-4, BO-0.035%, and 0 to 0.035% of Zr, The remainder 
consists of 58% or more of nickel, and both said amount of C, B, and both [ one side or ] 
of Zr(s) And A (CO.20% and B+Zr0%), Are within the limits of B (C0.03% and 
B+Zr0%), C (C0% and B+Zr0.01%), D (C0% and B+Zr0.035%), and E (C0.1% and 
B+ZrO.025%), and it has the organization which gamma 1 ** distributed in the gamma- 



phase matrix. It is characterized by the difference of said gamma-phase crystal direction 
being 2 to 6 times. 

[0038] In the gas turbine which makes this invention collide with the bucket in which the 
combustion gas compressed by the compressor was implanted by the disk through ****, 
and rotates this bucket having three or more steps of said bucket — the first rank of this 
bucket — a wings part and this **** — ** and others — [ platform / which has a flat part ] 
this platform — ** and others — [ fin / a shank and / which consists of a projection 
prepared in the both sides of this shank ] said shank — ** and others — the gas turbine 
characterized by consisting of a casting of one which it has a dove tail, and said **** is a 
single crystal, and is pillar-shaped ** in which said **** and all other than said fin 
carried out one-way solidification. 

[0039] In an above-mentioned gas turbine, said temperature of combustion gas of this 
invention is 1,500 degrees C. It is above. It has three or more steps of said bucket, and 
said temperature of combustion gas in the first rank entrance of this bucket is 1,300 
degrees C. It is above and the first rank of said bucket is 200mm or more in full length. 
The wings part is a single crystal, and the root part except this **** consists of a casting 
of one which is pillar- shaped ** which carried out one-way solidification, and it is 
characterized by power generation capacity being 50,000kW or more. 
[0040] In the gas turbine which makes this invention collide with the bucket in which the 
combustion gas compressed by the compressor was implanted by the disk through ****, 
and rotates this bucket Said temperature of combustion gas is 1,500 degrees C. It is 
above, and has three or more steps of said bucket, and said temperature of combustion 
gas in the first rank entrance of this bucket is 1,300 degrees C. It is above and the first 
rank of said bucket is 200mm or more in full length, the first rank of said bucket - a 
wings part and this ****-** and others - [ platform / which has a flat part ] this 
platform — ** and others — a shank part, the fin which consists of a projection prepared 
in the both sides of this shank part, and said shank part — ** and others — in the bucket 
for gas turbines which has a dove tail It consists of a casting of one which said **** is a 
single crystal and is pillar-shaped ** which carried out one-way solidification except for 
said fin, and said casting is weight. C0.03-0.1%, 5.5 to 9.0% of Cr, and Co8.5 - [ both W 
8 to 11%, 1.0 to 3.5% of Re, 0.3 to 1.0% of Mo, 3 to 4% of Ta and 5 to 6% of aluminum 
of 10.5%, 0.5 to 1.0% of Ti, 0.5 to 1.0% of Hf, and B and Zr ] 0.005 to 0.025% [ both / 
one sort or ] And the remainder consists of nickel and inescapable impurities and it has 
the organization where gamma' ** deposited in the gamma-phase matrix. Gamma-phase [ 
of said single crystal ] and the difference of the gamma-phase crystal direction of pillar- 
shaped ** are 8 or less times, and it is characterized by power generation capacity being 
50,000kW or more. 

[0041] The gas turbine which drives this invention with the combustion gas which flows 
at high speed, The exhaust heat recovery boiler which obtains steam with the flue gas of 
this gas turbine, In the combined cycle power generation plant system equipped with the 
steam turbine driven with said steam, and the dynamo driven with said gas turbine and a 
steam turbine Said gas turbine has three or more steps of buckets, and said bucket first 
rank inlet temperature of said combustion gas is 1,300 degrees C. It is above. The flue 
gas temperature of a turbine exit is 560 degrees C or more, and steam of 530 degrees C or 
more is obtained with said exhaust heat recovery boiler. Said steam turbine is a height 
pressure integral type, and said steamy temperature to the first rank of this steam turbine 



bucket is 530 degrees C or more, the power generation capacity of said gas turbine is [ 
50,OOOkW or more and the power generation capacity of a steam turbine ] 30,000kW or 
more, and it is characterized by comprehensive thermal efficiency being 45% or more. 
[0042] The gas turbine driven with the combustion gas which flows at high speed, and 
the exhaust heat recovery boiler which obtains steam with the flue gas of this gas turbine, 
In the combined cycle power generation plant system equipped with the steam turbine 
driven with said steam, and the dynamo driven with said gas turbine and a steam turbine 
A bucket has three or more steps and said bucket first rank inlet temperature of said 
combustion gas of said gas turbine is 1,300 degrees C. It is above. The flue gas 
temperature of a turbine exit is 560 degrees C or more, and steam of 530 degrees C or 
more is obtained with said exhaust heat recovery boiler. Said steam turbine is a height 
pressure integral type, and said steamy temperature to the first rank of this steam turbine 
bucket is 530 degrees C or more. The power generation capacity of said gas turbine is [ 
5O,O0OkW or more and the power generation capacity of a steam turbine ] 30,000kW or 
more, comprehensive thermal efficiency is 45% or more, the first rank of said bucket is 
200mm or more in full length, and the first rank of said bucket A wings part, this wings 
part - ** and others — the platform which has a flat part, and this platform - ** and 
others — a shank part, the fin which consists of a projection prepared in the both sides of 
this shank part, and said shank part - ** and others — [ it has a dove tail, and / **** / said 
**** is a single crystal and ] It consists of a casting of one which is pillar-shaped ** 
which carried out one-way solidification except for said fin, and said casting is weight. W 
8 to 1 1%, 1.0 to 3.5% of Re, 0.3 to 1.0% of Mo, 3 to 4% of Ta and 5 to 6% of aluminum 
of CO.03-0.1%, 5.5 to 9.0% of Cr, and Co [ 8.5 to 10.5% of], 0.5 to 1.0% of Ti, 0.5 to 
1.0% of Hf, B And 0.005 to 0.025% and the remainder consist of nickel and inescapable 
impurities, one sort or both of Zr have the organization where gamma* ** deposited in the 
gamma-phase matrix, and it is characterized by gamma-phase [ of said single crystal ] 
and the difference of a gamma-phase crystal direction of pillar-shaped ** being 8 or less 
times. 

[0043] The bucket for gas turbines concerning this invention contains a kind of 0.20% or 
less of C, and 0.002 to 0.02% of B and 0.002% or more of Zr, and 0.5% or more of Hf, or 
two sorts or more of elements by weight %. And it is cast in nickel basis super alloy 
which can dissolve about 60% or more of deposit gamma' ** in gamma-phase at the rate 
of volume, without producing initial melting by local melting about 5% or more at the 
rate of volume. 

[0044] Making 0.002 to 0.20% and Hf into 0.5 to 1.1% for a kind of B and Zr or two 
sorts C0.03-0.1% especially prevents a crack. And without producing initial melting 
about 5% or more at the rate of volume, are suitable in order to make about 60% or more 
of deposit gamma 1 ** dissolve in gamma-phase at the rate of volume. It is desirable to 
make said amount of C and the amount of B+Zr into the range of A (CO.20% and 
B+Zr0%), F (C0.04% and B+ZrO.002%), C (C0% and B+ZrfX01%), G (C0% and 
B+ZrO.02%), and H (CO. 10% and B+ZrO.20%). 

[0045] In order to satisfy all, such as a **** crack at the time of casting, creep strength, 
corrosion resistarlce, oxidation resistance, and heat-resistant fatigue characteristics 
Especially W 7 to 10% and 0.5 to 1% of Ti of 6.0 to 9.0% of Cr, and aluminum [ 5 to 6% 
of], 0.3 to 0.7% of Mo, 3.0 to 7.0% of Ta, 1 to 3.4% of Re, and 8 to 10.5% of CoC 0.03 
to 0.1%B 0.002 to 0.02%, 0.5 to 1.1% of Hf and ZrO.02% Following, And the 



composition whose remainders are nickel and inescapable impurities is suitable. 
[0046] Moreover, although the bucket of this invention can use a turbine for any turbine 
of three steps or the gas turbine which it has four steps, metal temperature is especially 
the most suitable for it to the first rank turbine which becomes high. What made the 
whole pillar-shaped ** or ****** is used after the second step in many cases. 
[0047] It is [ more than dissolution temperature of deposit gamma* ** of an after-casting 
alloy ] suitable for the bucket for gas turbines of this invention for a ** object to turn in 
the range below initial melting temperature for 2 to 60 hours, and to give heat treatment 
by further 1000 to 1 150% for 8 to 100 hours at 4 to 20 hours and 800-920 degrees C. 
[0048] Moreover, the process which sets a mold for the bucket for gas turbines of this 
invention to form this bucket on a water-cooled CHIRUPU rate, The process which heats 
said mold to a predetermined temperature within a vacuous heating furnace, and the 
process which casts **** to the mold with which casting materials were dissolved within 
the same vacuum chamber as a mold, and the above was heated, After drawing out the 
mold containing this **** from said heating furnace, making one-way solidification carry 
out in the direction of a dove tail one by one from said **** and using said **** as a 
single crystal, Said platform or subsequent ones is drawn out at a speed earlier than the 
drawer speed of said ****, and it is manufactured by the single crystal which carried out 
one-way solidification of a part of portions other than said **** continuously from this 
****, and the process which uses the remainder as the casting of one which is pillar- 
shaped ** which carried out one-way solidification continuously from this single crystal. 
[0049] As for the above-mentioned mold drawer speed, it is desirable to consider it as 15 
or less cm/h in single crystal manufacture, and it is desirable to consider it as 20 - 45 
cm/h in pillar-shaped ******. As these can be manufactured, respectively, they are 
better, but about the point of the yield to single crystal manufacture, about 10 cm/h is 
desirable. Since the difference of the crystal direction between pillar-shaped ** will 
exceed 20 degrees and will serve as ****** further about pillar-shaped **, if 50 cm/h is 
exceeded a too slow [ drawer speed ] thing in order for the crystal direction difference 
between pillar-shaped ** which 45 or less cm/h is good for, and adjoins to obtain good 
pillar-shaped ** of 15 or less degrees ~ it is 30 - 45 cm/h suitably preferably. 
[0050] 

[Function] The bucket for gas turbines concerning this invention uses a wings part as a 
single crystal, and makes the crystal direction difference in a single crystal less than 8 
times, and **** whose crystal direction difference of pillar-shaped ******** which 
makes it one-way solidification pillar-shaped ** except ****, and adjoins is made ~ even 
if it lessens the amount of addition of a crystal grain community strengthening element by 
making it small and making the difference into less than 8 times especially more 
preferably less than 15 degrees It can be considered as pillar-shaped **** which the **** 
crack at the time of casting does not generate, and intensity equivalent to a single crystal 
can be maintained. Moreover, since the amount of addition of a crystal grain community 
strengthening element was written few, the melting point of eutectic structure formed at 
the time of casting went up and solution-heat-treatment temperature was raised, the heat 
treatment which makes deposit gamma 1 ** dissolve in gamma-phase [ of **** ] was 
attained. Therefore, it can be considered as pillar-shaped **** which has high creep 
strength. On the contrary, if the difference of a crystal direction exceeds 10 degrees, it 
will fall rapidly with about 10 to 20% of the intensity of a single crystal. 



[0051] In order to raise the high temperature intensity of material, the solution heat 
treatment after casting is effective. By making gamma 1 ** which deposited after 
solidification dissolve completely in ****, the solution heat treatment can optimize the 
size and form of deposit gamma' ** by subsequent prescription heat treatment, and can 
raise high temperature intensity. 

[0052] However, in order for the alloy used for the conventional pillar-shaped ****** to 
prevent the vertical crack along the crystal grain community at the time of casting, it is 
necessary to make many crystal grain community strengthening elements, such as B, C, 
Zr, and Hf, contain. While a crystal grain community strengthening element raises the 
intensity of a crystal grain community, the segregation of the part is carried out between 
DENDO light arms, and it drops the melting point of a segregation part remarkably. In 
the case of nickel basis super alloy, said segregation part forms eutectic structure and 
produces eutectic crystal gamma* ** big and rough at the time of solidification. It is 
formed at this time, eutectic structure and eutectic crystal gamma' ** has the lowest 
melting point in an alloy, and if temperature is raised in order to perform solution heat 
treatment, eutectic structure will produce initial melting. Therefore, the alloy used for the 
conventional pillar-shaped ****** could not make solution-heat-treatment temperature 
high, and since ****** was inadequate, it was not able to aim at improvement in 
intensity of material as a result. 

[0053] In addition, a crystal grain community strengthening element is dealt with as an 
impurities element, since content is lessened as much as possible, the melting point of 
eutectic crystal gamma 1 ** goes up, and the alloy for single crystals which does not 
contain a crystal grain community strengthening element makes perfect solution heat 
treatment possible. Therefore, from the conventional material, a single crystal alloy 
shows the outstanding high temperature characteristic high 40-50 degrees C, and is used 
as a bucket of the jet engine for airplanes. However, since the single crystal alloy lessens 
the crystal grain community strengthening element as much as possible, its crystal grain 
community is very as weak as formation ****, and if there is a different crystal from 
which a crystal direction differs, a crack will enter easily on the crystal grain community. 
If there is a crystal grain community, it will usually become the weakness which is the 
grade into which a crack goes only by cooling after casting. Therefore, it is necessary to 
use as a perfect single crystal without a different crystal the bucket cast using the single 
crystal alloy. 

[0054] Moreover, it is the alloy containing the aforementioned **** strengthening 
element, and, naturally it is also possible to use the whole bucket as a single crystal. 
Although the creep strength in high temperature is inferior compared with the single 
crystal bucket cast in the alloy only for a single crystal with which this bucket does not 
contain a crystal grain community strengthening element Except the wings outside side 
which becomes high temperature, since the direction difference between adjoining crystal 
grains is permissible to 15 degrees, the crystal direction measurement by the X-rays 
which were required of the conventional single crystal bucket can be simplified sharply. 
Furthermore, there is no effective inspection means to the crystal defect inside wings, it 
usually extracts, and wings are cut and inspected by the examination. However, at the 
bucket for the gas turbines for power generation by which wings become large-sized, by 
the sampling examination, reservation of reliability was difficult and it had become a big 
neck when applying a single crystal bucket to the gas turbine for power generation. 



However, in this invention, since the direction difference between adjoining crystal 
grains was permissible to 15 degrees, the reliability of the bucket could be improved 
sharply and application to the gas turbine for power generation of a high intensity bucket 
was attained. 

[0055] The role of each element contained in nickel basis super alloy which constitutes 
the bucket for gas turbines is shown below. 

[0056] C — a matrix - or [ while dissolving especially to ****, carbide is formed and 
high temperature **** strength is raised, but ] If it adds superfluously, since it will lower 
the melting point of**** and high temperature intensity and toughness will be reduced, 
especially as an amount of addition, it is 0.05 to 0.2% 0.20% or less. The range is proper 
and 0.03 to 0.1% is more desirable. 

[0057] While Co dissolves in a matrix and raises high temperature intensity, it contributes 
to corrosion-resistant improvement, but if it adds superfluously, a harmful intermetallic 
compound deposit will be promoted and the fall of high temperature intensity will be 
caused. As an amount of addition, it is 10.5%. It carries out the following and is 8 to 
10.5% especially. It is proper. It is 8.5% more 4% or more as a minimum in particular. 
The above is desirable. 

[0058] Although Cr improves corrosion resistance, if superfluous addition is carried out, 
it will cause big and rough-ization of harmful sigma ****** or carbide, and will reduce 
high temperature intensity. As an amount of addition, 2 to 16%, 5 to 14% of range is 
preferably proper, and the range of 5.5 - 9 % is especially desirable. 
[0059] aluminum and Ti deposit, gamma* ** 3 (aluminum, Ti), i.e., nickel, which is the 
deposit strengthening factor of nickel machine alloy, and contribute to improvement in 
high temperature intensity. As an amount of addition, they are aluminum:4.0-7.0 and 
Ti:0.5-5.0%. The range is proper and especially its 5 to 6% of aluminum and 0.5 to 1.0% 
of Ti are desirable. 

[0060] Although Nb, Ta, and Hf dissolve to gamma* ** which is a strengthening factor 
and improve high temperature intensity, if it adds superfluously, a segregation will be 
carried out to a crystal grain community, and intensity will be reduced on the contrary on 
it. As an amount of addition, less than Nb3%, less than Tal2%, and less than Hf2% are 
proper, and 0.5 to 1.0% of Hf is [ 2 to 7% of Ta ] especially more desirable 3 to 4% 
Nb:0.2-3.0%. Although especially Hf has the effect of the vertical crack prevention at the 
time of solidification and the ductility in high temperature is made to improve, if 2% is 
exceeded, the eutectic structure at the time of solidification will be increased, and 
effective solution treatment will be made difficult. 

[0061] Although they prevent the vertical crack at the time of solidification, strengthen 
**** and improve high temperature intensity, Zr and B will fall ductility and toughness, 
if it adds superfluously, lower the melting point of **** and reduce high temperature 
intensity. As an amount of addition, Zr:0-0.035% and B:0 to 0.035% are proper. 
Especially A (CO.20% and B+Zr0%) from a relation with the amount of C, B (C0.05% 
and B+Zr0%), As for 0.005 to 0.025%, one sort of B and Zr or two sorts are [ within the 
limits of C (C0% and B+Zr0.01%), D (C0% and B+Zr0.035%), and E (C0.1% and 
B+ZrO.025%) ] desirable. The range surrounded by A, F, C, G, H, and A is desirable 
more preferably. 

[0062] W and Mo are dissolved and strengthened to gamma-phase [ of a matrix ], and its 
effect is large to an improvement of intensity especially for a long time. However, if it 



adds superfluously, harmful ****** 5 such as sigma **, will be promoted and intensity 
will be reduced on the contrary. As an amount of addition, it is W2-15% and Mo6.0%. 
The following is proper and 0.3 to 1.0% of Mo is especially desirable W7.0-1 1.0%. W8- 
1 0% is more desirable. 

[0063] Although Re raises high-temperature-corrosion-proof nature, if it becomes more 
than a certain amount of amount of addition, an effect will be saturated and the fall of 
ductility and toughness will be caused on the contrary, as the amount of addition — less 
than Re4% ~ 2.5 to 3.5% is especially more desirable 1 to 4%. 
[0064] 

[Working example] 

[Example 1] Drawing 1 shows the perspective view of the single crystal bucket for gas 
turbines concerning this invention, and drawing 2 is the schematic view of the equipment 
in which the manufacture method of the bucket of this invention is shown. 
[0065] In drawing 2 , at first, the ceramic mold 8 which makes the main ingredients the 
alumina set on the cold-water copper CHIRUPU rate 1 1 is fixed, it is set into the mold 
heating furnace 4, and the ceramic mold 8 is heated more than the melting point of nickel 
basis super alloy. Next, dissolved nickel basis super alloy is cast in the ceramic mold 8, 
the water-cooled copper CHIRUPU rate 1 1 was pulled out below after that, and one-way 
solidification was carried out. In one-way solidification, many crystals are generated with 
a starter 10 at first. Next, only one crystal is grown up by a selector 9. Furthermore, a 
crystal is enlarged by an enlarged member and it single-crystal-izes by solidifying a 
wings part at the drawer speed of 10 cm/h. After the wings part solidified and single- 
crystal-ized, by making it quick with drawer speed 40 cm/h of a mold on a platform 15, 
single crystal growth of the remaining portion was not carried out, but it was considered 
as pillar-shaped **. By this method, as for the wings part, the single crystal organization 
was obtained, and pillar-shaped ****** of pillar-shaped ****** was obtained except 
****. In this case, since pillar-shaped ** grew up the single crystal of a wings part as a 
seed, it was able to make the difference of the direction between pillar-shaped ** about 5 
times. Moreover, the ceramic mold 8 was pulled out completely, and the mold heating 
furnace 4 was maintained at high temperature until solidification was completed. 
Moreover, all the processes of the above-mentioned dissolution and solidification were 
performed in the vacuum. The chemical constitution of nickel basis super alloy used for 
casting in the casting conditions and Table 2 of the single crystal bucket is shown in 
Table 1. In addition, pillar-shaped ****** cast in the above-mentioned method performs 
2-60h solution treatment in a vacuum at 1260-1280 degrees C after casting. Deposit 
gamma' ** formed by the cooling process after solidification is changed into gamma- 
phase, 4-20h and 800-950 degrees C perform 8-100h prescription heat treatment at 1000- 
1 150 degrees C after that, and it is an average of 0.3-2 micrometers in gamma-phase [ of 
a matrix ]. 0.1 -0.5 -micrometer gamma 1 ** was deposited preferably. 
[0066] 
[Table 1] 
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[0067] 
[Table 2] 
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[0068] When the drawer speed of the mold inserted the heat conductive pair in the 
portion equivalent to the platform 15 in a mold 8, measured the temperature of the 
portion and became a coagulating point, it was pulled out, and it changed speed. In 
addition, while forming the divider plate of black lead in the lower part of the heating 
furnace 4, a water-cooled copper pipe is spirally wound around the lower part, and the 
mold was cooled. 

[0069] The wings part 1 of the bucket obtained in the above way is a single crystal, and 
the portion 2 below a platform 15 became pillar-shaped **. With the air cooling fin 14, it 
had become a crystal grain with a diameter of about 10mm which is hard to be called 
pillar-shaped **. Although it was pillar-shaped ** on the surface of the shank 18, as for 
the inside, small pillar-shaped ** was gradually formed from big pillar-shaped ** the 
single crystal of the wings part 1 grew up to be. The width of pillar-shaped ** in the 
surface was 5-1 Omm, and average width was 5-6mm. The wings part was able to check 
that they were all the single crystals in the outside surface by etching. Therefore, it turns 
out that the difference of the crystal direction in a wings part is less than 8 times. 
[0070] Drawing 3 is the top view of the core of a bucket, and shows physical relationship 
with a bucket. The bucket in this example is made into a cave so that an inside can be 
cooled. Steam cooling is also applicable although air is used as a cooling medium. A 
refrigerant is supplied from the portion of the core 21 of a dove tail 16, and divides and 
flows into the portion discharged from 17 of the tip of wings, and the portion discharged 
from trailing EJJI 23 of wings. 20 of a core and 22 are a hole, the wings part of two 
sheets is united with the projection mutually formed corresponding to this hole, and the 
outlet of the refrigerant of trailing EJJI 23 portion has become slit-like. 22 of the core is a 
hole, and **** is buried by this portion, and it is been [ 22 / it ] united and formed in it. 
[0071] The length of the wings part 1 in this example is about 100mm, and has the size 
whose length after a platform is 120mm. 

[0072] The creep rupture intensity of the bucket obtained by drawing 4 is shown using 



the Larson mirror parameter P. Comparison material is commercial CM186LC. Pillar- 
shaped ** of the alloy was used. By performing single crystal-ized back solution heat 
treatment and prescription heat treatment, the durable temperature in creep improved by 
about 20 degrees C for 14.0 kgf/mm stress 2 or 100,000 hours compared with what 
performed only prescription heat treatment by the conventional pillar- shaped ******. 
Commercial alloy composition is BO.016% and ZrO.016% and C0.15% in the alloy 
composition shown in Table 2. It has. 

[0073] [Example 2] Solution heat treatment was able to be performed to the bucket of 
this invention because the amount of addition of C, B, Zr, and Hf was controlled and 
eutectic structure raised the melting point. Eutectic structure is described about the 
method for raising the melting point below. 

[0074] The alloy containing the conventional **** strengthening element contains many 
C, B, Zr(s), Hf(s), etc., and solution heat treatment of it was not completed. By weight, 
then, Cr:5.0-14.0% Co: 0 - 12.0%W : 5.0 to 12.0% Re: 0-3.5%Mo : 0.5 to 3.0% Ta: 3.0 
to 7.0%aluminum: 4.0 to 6.0% Ti:0.5-3.0%Hf: About the alloy of nickel machine 
containing 0 to 2.0%, the rate of the amount of C of an alloy and quantity (Zr+B) was 
changed, and the melting point of eutectic structure and the relation of the dissolution 
temperature of deposit gamma 1 ** were investigated. As a result, C:0.1% or less and 
B+Zr:0.025% It turned out that deposit gamma 1 ** can be dissolved in ****, without 
producing initial melting of eutectic structure, when making it below. However, C:0.1% 
or less and B+Zr:0.025% When one-way solidification pillar-shaped **** of nickel basis 
super alloy made into the following composition ranges was cast, the **** crack 
occurred. Drawing 5 shows the sketch of a **** crack of pillar-shaped ****** 
manufactured by the conventional one-way solidification. That is, by the conventional 
one-way solidifying method, when pillar-shaped ****** was manufactured C:0.1 or less 
weight % using the alloy not more than B+Zr:0.025 weight %, the crack arose in **** 
and it was not able to be used as a product. 

[0075] Then, [ when the crystal direction difference of pillar-shaped **, the amount of C 
of an alloy, quantity (Zr+B), and the relation of a **** crack are investigated, and the 
crystal direction difference of pillar-shaped ** is less than 8 times, C:0.03% or more if : 
(Zr+B) 0.005% or more healthy pillar-shaped **** without a **** crack will be obtained 
by weight, but ] When the crystal direction difference of pillar-shaped ** was 8 times or 
more, the **** crack occurred also as : (Zr+B) 0.005% or more C:0.03% or more. In 
addition, the amount of C is 0.03%. Below, in the crystal direction difference of pillar- 
shaped **, the **** crack occurred at least less than 8 times. The above result is 
collectively shown in drawing 6 . If a crystal direction difference is made into less than 6 
times, in addition, A (CO.20% and B+Zr0%), If it is in B (C0.05% and B+Zr0%), C 
(C0% and B+Zr0.01%), D (C0% and B+Zr0.035%), and E (C0.1% and B+ZrO.025%), 
what a **** crack does not have without initial melting, either will be obtained. 
[0076] In order not to generate a **** crack with the alloy not more than B+Zr:0.025 
weight % C:0.1 or less weight %, it was required to make the difference of a crystal 
direction into less than 8 times, but the conventional one-way solidifying method is 
random, and was not able to control the crystal direction of the transverse direction of 
each pillar-shaped ** within 8 times. However, by the method of this invention, the 
difference of the direction of pillar-shaped ** was able to be made into less than 8 times 
by using a wings part as a single crystal, using this single crystal as a seed, and growing 



up pillar-shaped **. That is, healthy pillar-shaped **** without a **** crack was 
obtained less than B+Zr:0.025 weight % C:0.1 or less weight % because a direction 
difference uses a wings part as a single crystal and makes it pillar-shaped ** of less than 
8 times except **** like this invention. B and Zr showed the same effect by either one 
side or both. 

[0077] The feature of the bucket by pillar-shaped ****** by the conventional method, 
the single crystal bucket, and this invention when manufacturing the bucket of 22cm 
(100mm of wings parts, 120mm of root parts) of length of a wing is compared and shown 
in Table 3. In addition, the commercial alloy was used for casting of pillar-shaped 
****** and a single crystal bucket. 
[0078] 
[Table 3] 
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[0079] Since pillar-shaped ****** by this invention did not occur [ a **** crack ], while 
rising about 5 times with 70% from 15% of the yield of the bucket, the durable 
temperature in creep rose by about 20 degrees C for 14.0 kgf/mm stress 2 or 100,000 
hours. 

[0080] When only durable temperature is measured, it is inferior to a single crystal. 
However, in this invention, by having made it into pillar-shaped ****** except ****, 
casting time was shortened and mold cooking temperature was able to be made low. As a 
result, there are few reactions with a mold, and since the rate of a defect decreases and 
the manufacture yield of a bucket improves, this inventions are very practical pillar- 
shaped ****** and a manufacturing process. In addition, although productivity and the 
yield are inferior, even if it uses the whole wings as a single crystal using this alloy, it is 
obvious that there is no actual harm in any way. 

[0081] [Example 3] Solution heat treatment was able to be performed to the bucket of 
this invention because the amount of addition of C, B, Zr, and Hf was controlled and 
eutectic structure raised the melting point. The method for raising the melting point of 
eutectic structure is described below. 

[0082] The alloy containing the conventional **** strengthening element contains many 
C, B, Zr(s), Hf(s), etc., and solution heat treatment of it was not completed. By weight, 
then, Cr:2.0-16.0% Co: 4 - 10.5%W : 2.0 to 15.0% Re: 0-4.0%Mo : 0 to 6.0% Ta: 2.0 to 
12.0%aluminum: 4.0 to 7.0% Ti: About the alloy of nickel machine containing 0.5 to 
5.0%, Hf changed the rate of the amount of C of an alloy, and quantity (Zr+B) in 0.5 to 
1 .1% of range, and investigated the melting point of eutectic structure, and the relation of 
the dissolution temperature of deposit gamma' **. As a result, B+Zr:0.020% It turned out 
that deposit gamma* ** can be dissolved in ****, without producing initial melting of 
eutectic structure, when making it below. However, Hf: When one-way solidification 
pillar- shaped **** of nickel basis super alloy made into the composition range not more 



than B+Zr:0.020% was cast 0.5 to 1.1%, and C:0.2% or less, as shown in drawing 5 of 
the above-mentioned [ a **** crack ], it generated. Namely, Hf: 0.5 to 1.1 weight %, and 
C:0.2 Below weight % and B+Zr:0.020 When pillar-shaped ****** which made the 
crystal direction random by the conventional one-way solidifying method using the alloy 
below weight % was manufactured, the crack arose in **** and it was not able to be used 
as a product. 

[0083] Then, Hf is [ the crystal direction difference of pillar-shaped **, and ] 0.5%. 
When the amount of C of an alloy, quantity (Zr+B), and the relation of a **** crack are 
investigated and the crystal direction difference of pillar-shaped ** is less than 15 
degrees, [ weight ] C:0.03% or more when : (Zr+B) 0.002% or more, healthy pillar- 
shaped **** without a **** crack was obtained, but when the crystal direction difference 
of pillar-shaped ** was 15 degrees or more, the **** crack occurred also as : (Zr+B) 
0.002% or more C:0.03% or more. In addition, the amount of Zr+B is 0.002%. In the 
crystal direction difference of pillar- shaped **, in the following, the **** crack occurred 
at least less than 15 degrees. 

[0084] The amount of C is 0.1%. Above, they are 1040 degrees C and 14 kgf7mm2. There 
were some by which creep fracture time is less than 400h. Moreover, what cannot 
perform perfect solution treatment because initial melting happens was less than 400h. 
The relation between the amount of C in case Hf is [ the crystal direction difference of 
pillar-shaped ** ] less than 15 degrees at 0.5 to 1.1%, and the amount of Zr+B Moreover, 
A (0.2%, 0%), It is obtained by within the limits surrounding each point of F (0.04%, 
0.002%), C (0%, 0.01%), G ( [ 0% of] 0.02%), and H (0.1%, 0.02%). 
Hf : [ in order not to generate a **** crack with the alloy not more than B+Zr:0.020 
weight % 0.5 to 1.1%, and C:0.2 or less weight %, it is required to make the difference of 
a crystal direction into less than 15 degrees, but ] The conventional one-way solidifying 
method is random, and was not able to control the crystal direction of the transverse 
direction of each pillar-shaped ** within 15 degrees. However, by the method of this 
invention, the difference of the direction of pillar- shaped ** was able to be made into less 
than 15 degrees by using a wings part as a single crystal, using this single crystal as a 
seed, and growing up pillar-shaped **. That is, it is Hf:0.5 -1.1 by a direction difference 
using a wings part as a single crystal, and making it pillar-shaped ** of less than 15 
degrees except **** like this invention. Weight % and C:0.2 Below weight % and 
B+Zr:0.020 Healthy pillar-shaped **** in which below weight % does not have a **** 
crack was obtained. B and Zr showed the same effect by either one side or both. 
[0085] Casting conditions and alloy composition (weight %) are shown in Table 4. The 
remainder is nickel. 
[0086] 
[Table 4] 
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[0087] this invention bucket is 1040 degrees C- 14 kgf/mm2 while the yield rises about 5 
times with 15 to 70% compared with the conventional pillar-shaped ******, since a *** : 
crack does not occur. The creep fracture time of conditions improved 193 to 456h, and 
less than 2 double in the wings part. Moreover, although the shank part of this invention 



bucket was pillar-shaped **, it was performing solution treatment and the creep fracture 
time of pillar-shaped **** was also more than 2 double compared with pillar- shaped 
**** conventionally. 

[0088] If this invention bucket is compared with a single crystal bucket, this invention 
bucket is inferior to the single crystal bucket in high temperature creep strength. 
However, by making it into pillar- shaped ** except ****, this invention bucket was able 
to shorten casting time, and was able to make mold cooking temperature low. As a result, 
since a reaction with a mold and modification of a core decreased, the rate of the defect 
decreased and the manufacture yield improved, this invention is a very practical high 
intensity bucket. Furthermore, the tensile strength near 700 degree C of pillar-shaped 
**** 0 f this invention bucket was high about ten percent compared with the single crystal 
bucket. Although it is thought that subGUREIN of pillar-shaped ** has contributed this 
to improvement in tensile strength Since the tensile strength in not the creep strength in 
high temperature but the temperature near 700 degree C is required of a shank part, it can 
be said that this invention bucket which uses a wings part as a single crystal and makes it 
pillar- shaped ** except **** is an outstanding bucket which has the two characteristics 
required of a bucket. 

[0089] [Example 4] nickel basis super alloy of the composition (weight %) shown in 
Table 5 by the method described in the example 1 was cast, and the wings part 
manufactured pillar-shaped ****** which made it pillar-shaped ** except a single crystal 
and **** nearly completely. The mold in this example makes the straight mold made to 
bypass from a single crystal enlarged member to the projection part of an air cooling fin 
part in drawing 2 form, and it was made for an air cooling fin part to become pillar- 
shaped **. The **** crack was not looked at by the bucket after casting. Moreover, 2- 
60h solution treatment was performed at 1270-1285 degrees C, and 4-20h and 800-950 
degrees C performed 8-100h prescription heat treatment into the alloy at 1000-1 150 
degrees C among the vacuum. And when 1000-1 1 50 degrees C compared the durable 
temperature in creep with 4-20h and the sample which gave only 8-100h prescription heat 
treatment at 800-950 degrees C for 14.0 kgf/mm stress 2 or 100,000 hours, durable 
temperature was rising by about 15 degrees C. In this example, the crystal direction 
difference of pillar-shaped ****** was about 5 times. 
[0090] 
[Table 5] 
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[0091] [Example 5] The composition shown in Table 6 by the method described in the 
example 1 was cast, and the wings part cast the single crystal and the bucket for gas 
turbines which made it pillar-shaped ** except **** nearly completely. The mold in this 
example adds the straight mold made to bypass from a single crystal enlarged member to 
the fin which is a projection part in drawing 2 as a solidification promotion passage, and 
it was made to become pillar- shaped ** in which a fin has good crystallinity. As a result, 
the **** crack was not looked at by this bucket after casting, but the fin was healthy 
pillar-shaped ** of less than five direction differences. 

[0092] The sample which gave 1250-1285 degrees C-2-60h solution heat treatment and 
prescription heat treatment of 1080 degrees C - 4 h and 871 degrees C - 20 h to this 
bucket, and the sample of only 1080 degrees C - 4 h and 871 degrees C - 20 h 
prescription heat treatment were prepared after casting. As a result, the durable 
temperature of the sample which performed solution heat treatment in 14 kgf7mm2 stress 
and 100,000-hour creep was improving by about 15 degrees C with all the alloys in Table 
4 from the sample of only prescription heat treatment. 
[0093] 
[Table 6] 
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[0094] [Example 6] The bucket for gas turbines was cast according to the method shown 
in the example 1 using this invention alloy shown in Table 7. However, even if it passed 
the platform 1 5 here, mold drawer speed was not changed, but the whole was cast at the 
mold drawer speed of 10 cm/h. The same heat treatment as an example 1 was given after 



casting, several miniature samples which have two crystal grains from this bucket were 
started, and the difference of the crystal direction of the right-angled direction and the 
relation of creep strength were investigated in the solidification direction of two crystal 
grains. In addition, the sample was extracted to **** in parallel. Moreover, JP,3-75619,B 
which is an alloy only for a single crystal The alloy shown in the number was evaluated 
as a comparison alloy. It casts in the casting conditions same also about a comparison 
alloy as this invention alloy, and is JP,3-75619,B. The examination was presented after 
giving heat treatment shown in the number. A result is shown in Table 8. 1040 degrees C 
of this result to this invention alloy, 14 kgf7 mm2 Creep strength will hardly be influenced 
by the crystal direction difference, if the difference of a crystal direction is less than 15 
degrees. On the other hand, it turns out that the comparison alloy which is exclusively for 
a single crystal cannot permit the difference of few crystal directions, either. 
[0095] 
[Table 7] 
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[0096] 
[Table 8] 
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[0097] [Example 7] Drawing 7 is the sectional view of the rotation portion of the gas 
turbine which has the gas turbine bucket of this invention of an example 2. 
[0098] 30 a turbine stub shaft and 33 a turbine rotor blade and 43 A turbine stacking bolt, 
38 - a turbine spacer and 49 — DISUTANTO piece and 40 — as for compressor stacking 
BORUDO and 39, a compressor disk and 37 are [ a turbine disc and 41 ] holes a 
compressor stub shaft and 34 a compressor blade and 38 a nozzle and 36. The compressor 
disks 36 are [ those with 17 step and the turbine rotor blade 33 of the gas turbine of this 
invention ] three steps of things. The turbine rotor blade 33 also has four steps of cases, 
and can apply the alloy of this invention to all. 

[0099] The form with a main gas turbine in this example consists of heavy TEYUTI type, 
1 axis type, a level division casing, and a stacking type rotor. ****** according [ 
according to / in a compressor / 17 step axial flow type / a turbine ] to three-step impulse 
type and 1 or 2-step air cooling and a burner have the Bath flow type, 16 tins, and a slot 
cool method. 

[0100] The DISUTANTO piece 39, a turbine disc 34, a spacer 38, and the stacking bolt 
33 [ weight ] CO.06-0.15%, less than Sil%, and Mnl.5% The total-destruction-by-fire 
return martensite steel which consists [ 9.5 to 12.5% of Cr, 1.5 to 2.5% of nickel, and 1.5 
to 3.0% of Mo ] of the remainder Fe N 0.04 to 0.15% V 0.1 to 0.3% in 0.03 to 0.15% of 
Nb is used hereafter. As the characteristic in this example **** strength is [ 90- 
120kg/mm2 and ] 0.2%. 70-90kg/mm2 of power-proof, 10 to 25% of a pace of 
expansion, 50 to 70% of a contraction percentage, V notch shock value 5 - 9.5 kg- 
m/cm2,450 degree C 105h Creep breaking strength of 45-55kg/mm2 It was. 
[0101] It has three steps of turbine rotor blades 33, and they made temperature of 
combustion gas according 14.7, the temperature of 400 degrees C, and first rank bucket 
inlet temperature to 1,300 degrees C and a burner in the compression pressure of a 
compressor 1450-degree-C class using what was manufactured in the example 1 to the 



first rank, moreover, 280mm (160mm of wings parts, and a platform part or subsequent 
ones 120mm in length) of length of a wing which becomes the 2nd step of the turbine 
rotor blade 33 from the many crystallines of equivalent alloy composition — and 
Similarly the solid wings of 350mm (230mm of wings parts, 120mm of others) of length 
of a wing of many crystallines were manufactured using the equivalent alloy composition 
same in the 3rd step. The process was based on the precision casting process by the 
conventional lost wax process. 

[0102] Known Co basis alloy is used for a turbine nozzle 40, and the thing which had 
what consists from the first rank to three steps of one wings part by vacuum precision 
casting formed is used. The length of a wings part has the length equivalent to the length 
of a bucket, and has pin fin cooling, impingement cooling, and film cooling structure. 
Although an one-step nozzle is restrained at sidewall both ends, the 2nd step and the 3rd 
step are restrained at one side by the side of the sidewall perimeter. An intercooler is 
prepared in a gas turbine. 

[0103] As for the power generation output obtained by this example, 50 MW is obtained, 
and, as for the thermal efficiency, 33% or more of high thing is obtained. 
[0104] [Example 8] Drawing 8 is the schematic view showing the 1 axis type combined- 
cycle-power-generation system used together with the steam turbine using the gas turbine 
of an example 7. 

[0105] A steam turbine is driven with the steam which collected and obtained the exhaust 
gas energy of the gas turbine while driving the gas turbine by using liquefied natural gas 
(LNG) as fuel in recent years, when generating electricity using a gas turbine. It is in the 
tendency which adopts what is called a combined cycle power generation method to have 
made it drive a dynamo by this steam turbine and gas turbine. In this combined cycle 
power generation method, the high- fever efficiency of about 45% or more becomes 
possible compared with 40% of the thermal efficiency in the case of the conventional 
steam turbine independent by the following system composition. In such a combined 
cycle power generation plant, further, two ways with liquefied petroleum gas (LPG) are 
planned from liquefied natural gas (LNG) ****, or, these days, it tries to aim at carrying 
out smoothly of plant employment, and improvement in economical efficiency by 
realization of the multifuel firing of LNG and LPG. 

[0106] Air goes into the air compressor of a gas turbine through an air intake filter and an 
air intake siren first, and an air compressor compresses air and sends compressed air to a 
low NOx burner. And in this compressed air, fuel is injected, it burns, and high 
temperature gas of 1400 degrees C or more is made from a burner, this high temperature 
gas works in a turbine, and power generates it. 

[0107] The exhaust air of 530 degrees C or more discharged from the turbine is sent to an 
exhaust heat recovery boiler through an exhaust air silencer, collects the thermal energies, 
under gas turbine exhaust air, and generates high-pressure steam of 530 degrees C or 
more. The NOx removal equipment by dry type ammonia contact reduction is formed in 
this boiler. Exhaust gas is discharged outside from the chimney which is also hundreds of 
3-piece set type m. The generated high-pressure and low-pressure steam is sent to the 
steam turbine which really [ height pressure ] consists of a rotor. 

[0108] Moreover, the steam which came out of the steam turbine flows into a condenser, 
vacuum deaeration is carried out and it becomes condensation, and ** pressure of the 
condensation is carried out with a condensate pump, it turns into supplying water, and is 



sent to a boiler. And a gas turbine and a steam turbine drive a dynamo from both the axis 
end, respectively, and power generation is performed. The steam used with a steam 
turbine other than air as a cooling medium may be used for cooling of the gas turbine 
wings used for such combined cycle power generation, although air is generally used as a 
cooling medium of wings, as compared with air, specific heat boils steam markedly, and 
since [ large and ] weight is light, a chilling effect is large. 

[0109] Since it becomes a gas turbine can obtain 50 5 000kW by this combined power 
generation system, can obtain 80,000kW power generation in 30,000kW total with a 
steam turbine, and compact [ the steam turbine in this example ] Compared with a large- 
sized steam turbine, manufacture becomes possible economically to the same power 
generation capacity, and big Merritt which can be economically operated to change of a 
production of electricity is obtained. 

[0110] It can be made the steam turbine concerning this invention with a height pressure 
integral-type steam turbine, and the increase in the single opportunity output of a turbine 
can be aimed at by raising steam pressure power 1 OOatg of the main steam entrance part 
of this height pressure integral-type steam turbine, and the temperature of 538 degrees C. 
The increase in a single opportunity output needs io increase the length of a wing of the 
last stage bucket to 30 inches or more, and needs to increase steamy flux. The braid 
implanted in the height pressure integral-type rotor shaft is equipped with 13 or more 
steps of steam turbines concerning this invention, steam passes along a steamy control 
valve, and they are 538 degrees C and 88atg like the above-mentioned from a steam inlet. 
It flows by high temperature high pressure. Steam flows into one way from an entrance, 
serves as steamy temperature of 33 degrees C, and 722mmHg, and is discharged by the 
exit from the braid of the last stage. The forged steel of low alloy steel [ shaft / 
concerning this invention / height pressure 1 mold rotor / nickel-Cr-Mo-V ] is used. The 
thicket part of the braid of a rotor shaft has become disk-like, and is cut and 
manufactured by one from a rotor shaft. The length of a disk part becomes so long that 
the length of a braid is short, and lessens vibration. 

[01 1 1 ] As for the height pressure integral-type rotor shaft concerning this example, less 
than Si0.1%, less than Mo0.3%, 1.0 to 2.0% of nickel, 1.0 to 1.7% of Cr, and 1.0 to 2.0% 
of Mo consist of the remainder Fe V 0.20 to 0.3% CO. 18-0.30%. Annealing is given by 
water spray cooling at 650-680 degrees C after hardening at 900-1050 degrees C. 
[01 12] Although the composition of a plant arranges 1 set of power generation systems 
which consist of a gas turbine, exhaust heat recovery boilers, steam turbines, and one 
dynamo each to 1 axis type combined 6 sets, others, Steam can be obtained by exhaust 
gas after one dynamo's combining to one gas turbine and combining 6 sets of these, and it 
can be considered as the multiple spindle type used as one a steam turbine and one 
dynamo. 

[0113] Deactivation is realized in the combination of the easy gas turbine in a short time, 
and a small and simple steam turbine, and, for this reason, the output adjustment of 
combined cycle power generation is the optimal as middle load fire power which was 
made easily and conformed to change of demand. 

[0114] Since the reliability of a gas turbine is increasing by leaps and bounds by 
development of the latest technology and the combined cycle power generation plant 
constitutes the system from combination of a small capacity machine, even if failure 
should occur, the influence can be limited to a part, and it is a reliable power supply. 



[0115] 

[Effect of the Invention] Since the bucket for gas turbines which has high creep strength 
is obtained according to this invention, there is a prominent effect of aiming at 
improvement in thermal efficiency of the combined cycle power generation plant system 
using the gas turbine and it by the reinforcement of a bucket and the rise of temperature 
of combustion gas. 

[01 16] Moreover, according to the manufacturing process of the bucket for gas turbines 
by this invention, the rate of the yield in bucket manufacture can be improved. 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view of the bucket for gas turbines concerning this 
invention. 

[Drawing 2] It is the composition figure showing the outline of the manufacturing 
process of the bucket for gas turbines concerning this invention. 

[Drawing 3] It is the figure showing the physical relationship of the top view of the core 
shown in this example, and a bucket. 

[Drawing 4] It is the comparison figure showing the high temperature intensity of pillar- 
shaped ****** obtained by this invention, and the conventional pillar-shaped ******. 
[Drawing 5] It is the sketch figure showing the situation of the **** crack looked at by 
pillar- shaped ****** manufactured by the one-way solidifying method. 
[Drawing 6] It is the characteristic figure showing the relation of the amount of C and 
quantity (B+Zr) which can dissolve deposit gamma' ** in gamma-phase, and the relation 
of a **** crack, without producing initial melting of an alloy. 
[Drawing 7] It is the whole gas turbine composition figure concerning this example. 
[Drawing 8] It is the whole combined cycle power generation plant system chart 
concerning this example. 
[Explanations of letters or numerals] 

1 [ - A mold heating furnace, 5 / — ****, 6 / — Casting, ] ~ A wings part, 2 — A root - 
part, 3 — A fusion furnace, 4 7 [ — A starter, 11/-- Water-cooled copper CHIRUPU rate, 
] - A core, 8 — A ceramic mold, 9 — A selector, 10 12 [ — A platform, 16 / — A dove tail, 
18 / - A shank, 33 / - A bucket, 34 / - A turbine disc, 36 / - A compressor disk, 38 / — 
A spacer, 40 / - ****. ] — A vacuum pump, 13 — A furnace shell, 14 - An air cooling 
fin, 15 
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[Translation done.] 



